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%LRDVVD\#7HVWLQJ#3URJUDP/#1&,/#ZDV#WUDQVIHUUHG#WR#WKH#1,(+61##7KH#173#FRRUGLQDWHV#WKH#UHOHYDQW
SURJUDPV/#VWDII/#DQG#UHVRXUFHV#IURP#WKHVH#3XEOLF#+HDOWK#6HUYLFH#DJHQFLHV#UHODWLQJ#WR#EDVLF#DQG#DSSOLHG
UHVHDUFK#DQG#WR#ELRORJLFDO#DVVD\#GHYHORSPHQW#DQG#YDOLGDWLRQ1

7KH#173#GHYHORSV/#HYDOXDWHV/#DQG#GLVVHPLQDWHV#VFLHQWLILF#LQIRUPDWLRQ#DERXW#SRWHQWLDOO\#WR[LF#DQG#KD]DUGRXV
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SUHYHQWLRQ#RI#GLVHDVH1

7KH#VWXGLHV#GHVFULEHG#LQ#WKLV#7HFKQLFDO#5HSRUW#ZHUH#SHUIRUPHG#XQGHU#WKH#GLUHFWLRQ#RI#WKH#1,(+6#DQG#ZHUH
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VWXGLHV1##6HOHFWLRQ#SHU#VH#LV#QRW#DQ#LQGLFDWRU#RI#D#FKHPLFDO·V#FDUFLQRJHQLF#SRWHQWLDO1##
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1DWLRQDO#7R[LFRORJ\#3URJUDP
(YDOXDWHG#DQG#LQWHUSUHWHG#UHVXOWV#DQG#UHSRUWHG#ILQGLQJV
$1#5DGRYVN\/#'19101/#3K1'1/#6WXG\#6FLHQWLVW
*1$1#%RRUPDQ/#'19101/#3K1'1
'1$1#%ULGJH/#%161
-151#%XFKHU/#3K1'1
/171#%XUND/#3K1'1
-151#+DLOH\/#'19101
-1.1#+DVHPDQ/#3K1'1
*111#5DR/#'19101/#3K1'1
-1+1#5R\FURIW/#3K1'1
*161#7UDYORV/#'19101
'1%1#:DOWHUV/#3K1'1
.1/1#:LWW/#0161/#2DN#5LGJH#$VVRFLDWHG#8QLYHUVLWLHV

6RXWKHUQ#5HVHDUFK#,QVWLWXWH
&RQGXFWHG#VWXGLHV/#HYDOXDWHG#SDWKRORJ\#ILQGLQJV#IRU#4:0GD\#VWXGLHV#LQ
UDWV#DQG#PLFH
-1'1#3UHMHDQ/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU
71#0DNRYHF/#'19101

6RXWKHUQ#5HVHDUFK#,QVWLWXWH
&RQGXFWHG#VWXGLHV/#HYDOXDWHG#SDWKRORJ\#ILQGLQJV#IRU#470ZHHN#VWXGLHV
LQ#UDWV#DQG#PLFH
-1'1#3UHMHDQ/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU
'151#)DUQHOO/#'19101/#3K1'1
51%1#7KRPSVRQ/#'19101/#3K1'1

%DWWHOOH#&ROXPEXV#/DERUDWRULHV
&RQGXFWHG#VWXGLHV/#HYDOXDWHG#SDWKRORJ\#ILQGLQJV#IRU#50\HDU#VWXGLHV#LQ
UDWV#DQG#PLFH
31-1#.XUW]/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU
0151#+HMWPDQFLN/#3K1'1
$1:1#6LQJHU/#'19101
-1'1#7RIW/#,,/#'19101/#0161

([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1
3URYLGHG#SDWKRORJ\#TXDOLW\#DVVXUDQFH
-1)1#+DUGLVW\/#'19101/#3ULQFLSDO#,QYHVWLJDWRU
(171#*DLOODUG/#'19101/#0161
:1)1#0DFNHQ]LH/#'19101/#0161

'\QDPDF#&RUSRUDWLRQ
3UHSDUHG#TXDOLW\#DVVXUDQFH#DXGLWV
61#%UHFKHU/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU

173#3DWKRORJ\#:RUNLQJ#*URXS
(YDOXDWHG#VOLGHV/#SUHSDUHG#SDWKRORJ\#UHSRUW#IRU#470ZHHN#VWXGLHV#LQ
UDWV#DQG#PLFH#+46#-XQH#4<;<,
61#*UXPEHLQ/#'19101/#3K1'1/#&KDLUSHUVRQ

3DWKRORJ\#$VVRFLDWHV/#,QF1
0151#(OZHOO/#'19101/#3K1'1

1DWLRQDO#7R[LFRORJ\#3URJUDP
-151#/HLQLQJHU/#'19101/#3K1'1

1DWLRQDO#7R[LFRORJ\#3URJUDP
:1)1#0DFNHQ]LH/#'19101/#0161

([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1
$1:1#0DFNOLQ/#'19101/#3K1'1

%XUURXJKV#:HOOFRPH#&R1
%1#3DODWH/#'19101/#2EVHUYHU

6HDUOH#(XURSHDQ#'HYHORSPHQW#&HQWUH

(YDOXDWHG#VOLGHV/#SUHSDUHG#SDWKRORJ\#UHSRUW#IRU#50\HDU#VWXGLHV#LQ#UDWV
DQG#PLFH#+4#-XQH#4<<8,
'1*1#*RRGPDQ/#9101'1/#&KDLUSHUVRQ

3$7+&2/#,QF1
31#&DUWKHZ/#3K1'1/#2EVHUYHU

1DWLRQDO#7R[LFRORJ\#3URJUDP
$1#(QRPRWR/#'19101

1DWLRQDO#7R[LFRORJ\#3URJUDP
-1#(YHULWW/#'19101

&KHPLFDO#,QGXVWU\#,QVWLWXWH#RI#7R[LFRORJ\
(171#*DLOODUG/#'19101/#0161

([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1
-151#+DLOH\/#'19101

1DWLRQDO#7R[LFRORJ\#3URJUDP
51$1#+HUEHUW/#'19101/#3K1'1

1DWLRQDO#7R[LFRORJ\#3URJUDP
$1#5DGRYVN\/#'19101/#3K1'1

1DWLRQDO#7R[LFRORJ\#3URJUDP
01#7RULL/#'19101/#3K1'1/#2EVHUYHU

1DWLRQDO#7R[LFRORJ\#3URJUDP

$QDO\WLFDO#6FLHQFHV/#,QF1
3URYLGHG#VWDWLVWLFDO#DQDO\VHV
51:1#0RUULV/#0161/#3ULQFLSDO#,QYHVWLJDWRU
6151#/OR\G/#0161
11*1#0LQW]/#%161

%LRWHFKQLFDO#6HUYLFHV/#,QF1
3UHSDUHG#7HFKQLFDO#5HSRUW
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&217(176

$%675$&7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

(;3/$1$7,21#2)#/(9(/6#2)#(9,'(1&(#2)#&$5&,12*(1,&#$&7,9,7< 1 1 1 1 1 1 1 1 1 1 1 1 <

7(&+1,&$/#5(32576#5(9,(:#68%&200,77(( 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

6800$5<#2)#7(&+1,&$/#5(32576#5(9,(:#68%&200,77((#&200(176 1 1 1 1 1 1 1 1 1 44

,1752'8&7,21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

0$7(5,$/6#$1'#0(7+2'6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

5(68/76 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

',6&866,21#$1'#&21&/86,216 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:

5()(5(1&(6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84

$33(1',;#$ 6XPPDU\#RI#/HVLRQV#LQ#0DOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\
RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88

$33(1',;#% 6XPPDU\#RI#/HVLRQV#LQ#)HPDOH#5DWV#LQ#WKH#50<HDU#'HUPDO#6WXG\
RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:

$33(1',;#& 6XPPDU\#RI#/HVLRQV#LQ#0DOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\
RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45:

$33(1',;#' 6XPPDU\#RI#/HVLRQV#LQ#)HPDOH#0LFH#LQ#WKH#50<HDU#'HUPDO#6WXG\
RI#6RGLXP#;\OHQHVXOIRQDWH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 494

$33(1',;#( *HQHWLF#7R[LFRORJ\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 534

$33(1',;#) 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 548

$33(1',;#* +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#5HVXOWV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 554

$33(1',;#+ &KHPLFDO#&KDUDFWHUL]DWLRQ#DQG#'RVH#)RUPXODWLRQ#6WXGLHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55:

$33(1',;#, 'RVHV/#%RG\#:HLJKWV/#DQG#'RVH#&RQFHQWUDWLRQV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56<

$33(1',;#- ,QJUHGLHQWV/#1XWULHQW#&RPSRVLWLRQ/#DQG#&RQWDPLQDQW#/HYHOV#
LQ#1,+03:#5DW#DQG#0RXVH#5DWLRQ# 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 576

$33(1',;#. 6HQWLQHO#$QLPDO#3URJUDP# 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57:

$33(1',;#/ ,PSDFW#RI#+HOLFREDFWHU#KHSDWLFXV#,QIHFWLRQ#LQ#%9&6) #0LFH4

IURP#45#173#50<HDU#&DUFLQRJHQHVLV#6WXGLHV# 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 584
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&KHPLFDO#)RUPXOD=##+&+ , & + 62 #1D #######0ROHFXODU#:HLJKW=##53;156 5 9 6 6
$# .

6\QRQ\PV=##%HQ]HQHVXOIRQLF#DFLG/#GLPHWK\O0/#VRGLXP#VDOW>#VRGLXP#GLPHWK\OEHQ]HQHVXOIRQDWH>#[\OHQHVXOIRQLF#DFLG/#VRGLXP#VDOW
7UDGH#QDPHV= &RQFR#6;6>#&\FORSKLO>#6;6#63>#(OHWHVRO#6;#63>#1D[RQDWH>#1D[RQDWH#*>#5LFKRQDWH#6;6>#6WHSDQDWH#6;6>#6WHSDQDWH#;>#6;6#73>

8OWUDZHW#736;#

6RGLXP#[\OHQHVXOIRQDWH# LV#XVHG#DV#D#K\GURWURSH/#DQ DSSOLFDWLRQV# RI# 633# �/# RI# 8/# 48/# 77/# 466/# DQG
RUJDQLF#FRPSRXQG#WKDW#LQFUHDVHV#WKH#DELOLW\#RI#ZDWHU 733# PJ2P/# GHOLYHUHG# DYHUDJH# GDLO\# GRVHV# RI
WR#GLVVROYH#RWKHU#PROHFXOHV1##6RGLXP#[\OHQHVXOIRQDWH DSSUR[LPDWHO\#43/#63/#<3/#593/#DQG#;33#PJ#VRGLXP
LV#D#FRPSRQHQW#LQ#D#YDULHW\#RI#ZLGHO\#XVHG#VKDPSRRV [\OHQHVXOIRQDWH2NJ#ERG\#ZHLJKW#WR#PDOHV#DQG#46/#73/
DQG# OLTXLG# KRXVHKROG# GHWHUJHQWV# ZKHUH# LW# FDQ 453/# 663/# DQG# 4/363# PJ2NJ# WR# IHPDOHV1# # &OLQLFDO
FRQVWLWXWH#XS#WR#43(#RI#WKH#WRWDO#VROXWLRQ1##%HFDXVH#RI ILQGLQJV#JHQHUDOO\#LQYROYHG#WKH#VNLQ#RI#GRVHG#DQLPDOV
LWV#ZLGHVSUHDG#XVH/#WKH#SRWHQWLDO#IRU#KXPDQ#H[SRVXUH DQG# LQFOXGHG# WDQ# RU# EURZQ# VNLQ# GLVFRORUDWLRQ# DQG
WR#VRGLXP#[\OHQHVXOIRQDWH#LV#JUHDW1##0DOH#DQG#IHPDOH FUXVW\#ZKLWH#GHSRVLWV#+SUHVXPHG#WR#EH#GULHG#FKHPLFDO,
)67721# UDWV# DQG# %9&6) # PLFH# ZHUH# DGPLQLVWHUHG DW# WKH# VLWH# RI# DSSOLFDWLRQ1# # 1HLWKHU# RI# WKHVH4

VRGLXP# [\OHQHVXOIRQDWH# LQ# ZDWHU# RU# 83(# HWKDQRO REVHUYDWLRQV# ZHUH# FRQVLGHUHG# VLJQLILFDQW# ILQGLQJV1
GHUPDOO\#IRU#4:#GD\V/#47#ZHHNV/#RU#5#\HDUV1##*HQHWLF 7KH# UHODWLYH# OLYHU#ZHLJKWV# RI# 466# DQG# 733#PJ2P/
WR[LFRORJ\# VWXGLHV# ZHUH# FRQGXFWHG# LQ# 6DOPRQHOOD PDOH#DQG#IHPDOH#UDWV#ZHUH#VLJQLILFDQWO\#JUHDWHU#WKDQ
W\SKLPXULXP/#/84:;<#PRXVH# O\PSKRPD# FHOOV/# DQG WKRVH# RI# WKH# FRQWURO# JURXSV/# EXW# WKH# DEVROXWH# OLYHU
FXOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV1 ZHLJKWV# ZHUH# QRW# LQFUHDVHG# DQG# WKH# ELRORJLFDO

4:0'$<#678'<#,1#5$76
*URXSV# RI# ILYH# PDOH# DQG# ILYH# IHPDOH# UDWV# ZHUH
DGPLQLVWHUHG# 633# �/# RI# 3/# 8/# 48/# 77/# 466/# RU
733#PJ2P/#VRGLXP#[\OHQHVXOIRQDWH#LQ#GLVWLOOHG#ZDWHU
E\#GHUPDO#DSSOLFDWLRQ#8#GD\V#SHU#ZHHN#IRU#4:#GD\V1
$OO#UDWV#VXUYLYHG#WR#WKH#HQG#RI#WKH#VWXG\1##)LQDO#PHDQ
ERG\#ZHLJKWV# DQG# ERG\#ZHLJKW# JDLQV# RI# GRVHG# UDWV
ZHUH#VLPLODU#WR#WKRVH#RI#WKH#FRQWURO#JURXSV1##'HUPDO

VLJQLILFDQFH#RI#WKH#UHODWLYH#GLIIHUHQFHV#LQ#OLYHU#ZHLJKW
ZDV#XQFOHDU1##,Q#PDOHV#DQG#IHPDOHV/#WKH#IHZ#OHVLRQV
REVHUYHG#JURVVO\#DQG#PLFURVFRSLFDOO\#ZHUH#JHQHUDOO\
DWWULEXWHG# WR# UHSHDWHG# FOLSSLQJ# DQG# ZHUH# QRW
FRQVLGHUHG#UHODWHG#WR#FKHPLFDO#DGPLQLVWUDWLRQ1

4:0'$<#678'<#,1#0,&(
*URXSV# RI# ILYH# PDOH# DQG# ILYH# IHPDOH# PLFH# ZHUH
DGPLQLVWHUHG# 433# �/# RI# 3/# 8/# 48/# 77/# 466/# RU
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733#PJ2P/#VRGLXP#[\OHQHVXOIRQDWH#LQ#GLVWLOOHG#ZDWHU WKRVH# RI# WKH# FRQWURO# JURXS/# EXW# WKH# ELRORJLFDO
E\#GHUPDO#DSSOLFDWLRQ#8#GD\V#SHU#ZHHN#IRU#4:#GD\V1 VLJQLILFDQFH# RI# WKHVH# GLIIHUHQFHV# ZDV# XQFOHDU/# DQG
$OO#PLFH#VXUYLYHG#WR#WKH#HQG#RI#WKH#VWXG\1##)LQDO#PHDQ WKHUH#ZHUH#QR#WUHDWPHQW0UHODWHG#KLVWRSDWKRORJLF#HIIHFWV
ERG\#ZHLJKWV#DQG#ERG\#ZHLJKW#JDLQV#RI#GRVHG#PLFH LQ#WKH#OLYHU1##7KHUH#ZHUH#QR#VLJQLILFDQW#GLIIHUHQFHV#LQ
ZHUH# VLPLODU# WR# WKRVH# RI# WKH# FRQWUROV1# # 'HUPDO OLYHU#ZHLJKWV#LQ#IHPDOH#UDWV1
DSSOLFDWLRQV# RI# 8/# 48/# 77/# 466/# DQG# 733# PJ2P/
GHOLYHUHG# DYHUDJH# GDLO\# GRVHV# RI# DSSUR[LPDWHO\/ 0LQLPDO#K\SHUSODVLD#RI# WKH#HSLGHUPLV#DW# WKH# VLWH#RI
53/# 93/# 4<3/# 873/# DQG# 4/933# PJ# VRGLXP# [\OHQH0 DSSOLFDWLRQ#RFFXUUHG#LQ#ERWK#PDOH#DQG#IHPDOH#UDWV#LQ
VXOIRQDWH2NJ#ERG\#ZHLJKW#WR#PDOHV#DQG#59/#;3/#553/ WKH#FRQWURO#JURXS#DV#ZHOO#DV#PRVW#GRVHG#JURXSV1##7KH
9;3/#DQG#5/333#PJ2NJ#WR#IHPDOHV1##&OLQLFDO#ILQGLQJV LQFLGHQFH# RI# HSLGHUPDO# K\SHUSODVLD# LQ# 733#PJ2P/
LQFOXGHG#FUXVW\#ZKLWH#GHSRVLWV#+SUHVXPHG#WR#EH#GULHG PDOHV#ZDV#SRVVLEO\#FKHPLFDO#UHODWHG1
FKHPLFDO,#DW#WKH#VLWH#RI#DSSOLFDWLRQ#LQ#WZR#466#PJ2P/
PDOHV#DQG#LQ#DOO#733#PJ2P/#PDOHV#DQG#IHPDOHV1##7KH
DEVROXWH# DQG# UHODWLYH# OLYHU# ZHLJKWV# RI# 48# DQG
77#PJ2P/#PDOHV#DQG#733#PJ2P/#PDOHV#DQG#IHPDOHV
ZHUH# VLJQLILFDQWO\#JUHDWHU# WKDQ# WKRVH#RI# WKH# FRQWURO
JURXSV/# EXW# WKH# ELRORJLFDO# VLJQLILFDQFH# RI# WKHVH
GLIIHUHQFHV# ZDV# XQFOHDU1# # 7KH# IHZ# VNLQ# OHVLRQV
REVHUYHG# JURVVO\# DQG#PLFURVFRSLFDOO\# LQ#PDOHV# DQG
IHPDOHV#ZHUH#JHQHUDOO\#DWWULEXWHG#WR#UHSHDWHG#FOLSSLQJ
DQG# ZHUH# QRW# FRQVLGHUHG# UHODWHG# WR# FKHPLFDO
DGPLQLVWUDWLRQ1

470:((.#678'<#,1#5$76
*URXSV# RI# 43# PDOH# DQG# 43# IHPDOH# UDWV# ZHUH
DGPLQLVWHUHG# 633# �/# RI# 3/# 8/# 48/# 77/# 466/# RU
733#PJ2P/#VRGLXP#[\OHQHVXOIRQDWH# LQ#83(#HWKDQRO
E\# GHUPDO# DSSOLFDWLRQ# IRU# 47# ZHHNV1# # )RU# VSHFLDO
KHPDWRORJ\#DQG#FOLQLFDO#SDWKRORJ\#VWXGLHV/#DGGLWLRQDO
JURXSV# RI# 43# PDOH# DQG# 43# IHPDOH# UDWV# ZHUH
DGPLQLVWHUHG#3/#8/#48/#77/#466/#RU#733#PJ2P/#VRGLXP
[\OHQHVXOIRQDWH#LQ#83(#HWKDQRO#E\#GHUPDO#DSSOLFDWLRQ
IRU# 47#ZHHNV1# #$OO# UDWV# VXUYLYHG# WR# WKH# HQG# RI# WKH
VWXG\1# #)LQDO#PHDQ# ERG\#ZHLJKWV# DQG# ERG\#ZHLJKW
JDLQV#RI#GRVHG#PDOH#DQG#IHPDOH#UDWV#ZHUH#VLPLODU#WR
WKRVH#RI#WKH#FRQWURO#JURXSV1##'HUPDO#DSSOLFDWLRQV#RI#8/
48/#77/#466/#DQG#733#PJ2P/#GHOLYHUHG#DYHUDJH#GDLO\
GRVHV#RI#DSSUR[LPDWHO\#9/#53/#93/#4:3/#DQG#833#PJ
VRGLXP#[\OHQHVXOIRQDWH2NJ#ERG\#ZHLJKW#WR#PDOHV#DQG
43/#63/#<3/#593/#DQG#;33#PJ2NJ#WR#IHPDOHV1##7KH#RQO\
QRWDEOH#FOLQLFDO#ILQGLQJ#ZDV#EURZQ#GLVFRORUDWLRQ#RI#WKH
VNLQ# DW# WKH# VLWH# RI# DSSOLFDWLRQ# LQ# GRVHG# DQLPDOV1
+HPDWRORJ\# DQG# FOLQLFDO# FKHPLVWU\# SDUDPHWHUV# RI
GRVHG#JURXSV#RI#PDOHV#DQG#IHPDOHV#ZHUH#VLJQLILFDQWO\
GLIIHUHQW# IURP# WKRVH# RI# WKH# FRQWUROV# LQ# VHYHUDO
LQVWDQFHV/#EXW#WKHVH#GLIIHUHQFHV#ZHUH#VSRUDGLF#DQG#GLG
QRW# GHPRQVWUDWH# D# WUHDWPHQW# UHODWLRQVKLS1# # 7KH
DEVROXWH#DQG#UHODWLYH#OLYHU#ZHLJKWV#RI#PDOHV#UHFHLYLQJ
77/#466/#RU#733#PJ2P/#ZHUH#VLJQLILFDQWO\#OHVV#WKDQ

470:((.#678'<#,1#0,&(
*URXSV# RI# 43# PDOH# DQG# 43# IHPDOH# PLFH# ZHUH
DGPLQLVWHUHG# 433# �/# RI# 3/# 8/# 48/# 77/# 466/# RU
733#PJ2P/#VRGLXP#[\OHQHVXOIRQDWH# LQ#83(#HWKDQRO
E\#GHUPDO#DSSOLFDWLRQ#IRU#47#ZHHNV1##7KHUH#ZHUH#QR
FKHPLFDO0UHODWHG#GHDWKV1##7KH#PHDQ#ERG\#ZHLJKW#JDLQ
RI#WKH#733#PJ2P/#PDOHV#ZDV#VLJQLILFDQWO\#JUHDWHU#WKDQ
WKDW#RI#WKH#FRQWURO#JURXS1##'HUPDO#DSSOLFDWLRQV#RI#8/
48/#77/#466/#DQG#733#PJ2P/#GHOLYHUHG#DYHUDJH#GDLO\
GRVHV# RI# DSSUR[LPDWHO\# 4:/# 73/# 473/# 773/# DQG
4/633#PJ#VRGLXP#[\OHQHVXOIRQDWH2NJ#ERG\#ZHLJKW#WR
PDOHV# DQG# 53/# 93/# 4:3/# 863/# DQG# 4/963#PJ2NJ# WR
IHPDOHV1# #7KHUH#ZHUH#QR#FOLQLFDO#ILQGLQJV#UHODWHG# WR
VRGLXP#[\OHQHVXOIRQDWH#DGPLQLVWUDWLRQ1

(SLGHUPDO# K\SHUSODVLD# RFFXUUHG# LQ# RQH# 77#PJ2P/
IHPDOH/# WZR# 466# PJ2P/# PDOHV/# ILYH# 733# PJ2P/
PDOHV/#DQG#IRXU#733#PJ2NJ#IHPDOHV1##+\SHUSODVLD#RI
WKH#HSLGHUPLV#LQ#733#PJ2P/#PDOHV#DQG#IHPDOHV#ZDV
SUREDEO\#UHODWHG#WR#FKHPLFDO#DGPLQLVWUDWLRQ1

&KURQLF#LQIODPPDWLRQ#RI#WKH#VNLQ#RFFXUUHG#SULPDULO\
LQ# WKH#FRQWURO#JURXSV#RI#PDOHV#DQG# IHPDOHV1# #7KHVH
OHVLRQV#FRQVLVWHG#RI#PRQRQXFOHDU#LQIODPPDWRU\#FHOOV
LQ#WKH#GHUPLV1##

50<($5#678'<#,1#5$76
*URXSV#RI#83#PDOH#DQG#83#IHPDOH#UDWV#ZHUH#GHUPDOO\
DGPLQLVWHUHG#3/#93/#453/#RU#573#PJ#VRGLXP#[\OHQH0
VXOIRQDWH2NJ# ERG\# ZHLJKW# LQ# 83(# HWKDQRO# IRU
437#ZHHNV1

6XUYLYDO/#%RG\#:HLJKWV/#DQG#&OLQLFDO#)LQGLQJV
6XUYLYDO#RI#GRVHG#PDOHV#DQG#IHPDOHV#ZDV#VLPLODU# WR
WKDW#RI# WKH# FRQWURO#JURXSV1# #0HDQ#ERG\#ZHLJKWV#RI
GRVHG#PDOHV#DQG#IHPDOHV#ZHUH#VLPLODU#WR#WKRVH#RI#WKH
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FRQWUROV#WKURXJKRXW#WKH#VWXG\1##,Q#PDOH#JURXSV/#WKHUH ZLWK# D# VLJQLILFDQW# SRVLWLYH# WUHQG1# # )RFDO# XOFHUDWLRQ
ZHUH#QR#FOLQLFDO#ILQGLQJV#FRQVLGHUHG#WUHDWPHQW#UHODWHG1 RFFXUUHG#LQ#RQH#:5:#PJ2NJ#PDOH#DQG#LQ#RQH#IHPDOH#LQ
,Q#IHPDOHV/#FOLQLFDO#ILQGLQJV#ZHUH#OLPLWHG#WR#LUULWDWLRQ HDFK#GRVH#JURXS1##,Q#PDOHV#DQG#IHPDOHV#IURP#FRQWURO
DW#WKH#VLWH#RI#DSSOLFDWLRQ#LQ#RQH#FRQWURO#IHPDOH/#IRXU DQG# GRVHG# JURXSV/# WKH# LQFLGHQFHV# RI# KHSDWRFHOOXODU
453#PJ2NJ#IHPDOHV/#DQG#WZR#573#PJ2NJ#IHPDOHV1 DGHQRPD/# KHSDWRFHOOXODU# FDUFLQRPD/# DQG# KHSDWR0

3DWKRORJ\#)LQGLQJV
7KHUH#ZHUH#QR#QHRSODVPV#DW#DQ\#VLWH# +LQFOXGLQJ# WKH
VNLQ,# WKDW# ZHUH# FRQVLGHUHG# WUHDWPHQW# UHODWHG1
/RZ#LQFLGHQFHV#RI#K\SHUSODVLD#RI#WKH#HSLGHUPLV#DW#WKH
VLWH#RI#DSSOLFDWLRQ#RFFXUUHG#LQ#PDOHV#LQ#WKH#93/#453/
DQG# 573# PJ2NJ# JURXSV1# # /RZ# LQFLGHQFHV# RI
K\SHUSODVLD#RI#WKH#HSLGHUPLV#DW#WKH#VLWH#RI#DSSOLFDWLRQ
DOVR#RFFXUUHG# LQ# IHPDOHV# LQ# WKH#453#DQG#573#PJ2NJ
JURXSV/#DQG#WKH\#RFFXUUHG#ZLWK#D#VLJQLILFDQW#SRVLWLYH
WUHQG1# # /RZ# LQFLGHQFHV# RI# K\SHUSODVLD# RI# WKH
VHEDFHRXV# JODQG# RFFXUUHG# LQ# FRQWURO# DQG# 93#PJ2NJ
PDOHV# DQG# LQ# FRQWURO/# 453#PJ2NJ/# DQG# 573#PJ2NJ
IHPDOHV1

50<($5#678'<#,1#0,&(
*URXSV#RI#83#PDOH#DQG#83#IHPDOH#PLFH#ZHUH#GHUPDOO\
DGPLQLVWHUHG#3/#4;5/#697/#RU#:5:#PJ#VRGLXP#[\OHQH0
VXOIRQDWH2NJ#ERG\#ZHLJKW#LQ#83(#HWKDQRO#IRU#437#WR
438#ZHHNV1

6XUYLYDO/#%RG\#:HLJKWV/#DQG#&OLQLFDO#)LQGLQJV
6XUYLYDO#RI#GRVHG#PDOHV#DQG#IHPDOHV#ZDV#VLPLODU# WR
WKDW#RI# WKH# FRQWURO#JURXSV1# #0HDQ#ERG\#ZHLJKWV#RI
GRVHG#PDOHV# DQG# IHPDOHV#ZHUH# JHQHUDOO\# VLPLODU# WR
WKRVH#RI#WKH#FRQWUROV#WKURXJKRXW#WKH#VWXG\>#KRZHYHU/
WKH#PHDQ#ERG\#ZHLJKWV#RI#:5:#PJ2NJ# IHPDOHV#ZHUH
JUHDWHU#WKDQ#WKRVH#RI#WKH#FRQWURO#JURXS#IURP#ZHHN#;8
WR#ZHHN#<:1##:LWK#WKH#H[FHSWLRQ#RI#LUULWDWLRQ#DW#WKH#VLWH
RI#DSSOLFDWLRQ#LQ#RQH#697#PJ2NJ#IHPDOH/#WKHUH#ZHUH#QR
FOLQLFDO# ILQGLQJV# UHODWHG# WR# VRGLXP# [\OHQHVXOIRQDWH
DGPLQLVWUDWLRQ1

3DWKRORJ\#)LQGLQJV
7KHUH#ZHUH#QR#QHRSODVPV#DW#DQ\#VLWH# +LQFOXGLQJ# WKH
VNLQ,# WKDW# ZHUH# FRQVLGHUHG# WUHDWPHQW# UHODWHG1
+\SHUSODVLD# RI# WKH# HSLGHUPLV# RFFXUUHG# LQ# FRQWURO/
697#PJ2NJ/#DQG#:5:#PJ2NJ#PDOHV#DQG#LQ#FRQWURO#DQG
GRVHG#IHPDOHV1##,Q#PDOH#PLFH/#WKH#LQFLGHQFHV#RFFXUUHG

FHOOXODU# DGHQRPD# RU# FDUFLQRPD# +FRPELQHG,# ZHUH
JHQHUDOO\#KLJKHU#WKDQ#WKRVH#H[SHFWHG#E\#VSRQWDQHRXV
RFFXUUHQFH1# # 7KH# LQFLGHQFHV# RI# KHSDWRFHOOXODU
QHRSODVPV# LQ# VRPH# JURXSV# RI# PDOHV# DQG# IHPDOHV
H[FHHGHG# WKH#173# KLVWRULFDO# FRQWURO# UDQJH1# #0DOH
PLFH#KDG#D#SDWWHUQ#RI#QRQQHRSODVWLF#OLYHU#OHVLRQV#DORQJ
ZLWK#VLOYHU#VWDLQHG#SRVLWLYH#KHOLFDO#RUJDQLVPV#ZLWKLQ
WKH# OLYHU# ZKLFK# VXJJHVWV# DQ# LQIHFWLRQ# ZLWK
+HOLFREDFWHU#KHSDWLFXV1##7KH#ILQGLQJV#LQ#WKLV#VWXG\#RI
VRGLXP#[\OHQHVXOIRQDWH#ZHUH#QRW#FRQVLGHUHG#WR#KDYH
EHHQ# VLJQLILFDQWO\# LPSDFWHG# E\# WKH# LQIHFWLRQ# ZLWK
+1#KHSDWLFXV#RU#LWV#DVVRFLDWHG#KHSDWLWLV1

*(1(7,&#72;,&2/2*<
6RGLXP# [\OHQHVXOIRQDWH# ZDV# QRW# PXWDJHQLF# LQ
6DOPRQHOOD# W\SKLPXULXP# VWUDLQ# 7$<;/# 7$433/
7$4868/#RU#7$486:#ZLWK#RU#ZLWKRXW#LQGXFHG#OLYHU#6<1
(TXLYRFDO#UHVXOWV#ZHUH#REWDLQHG#LQ#D#PXWDWLRQ#DVVD\
ZLWK#PRXVH#O\PSKRPD#FHOOV#LQ#WKH#SUHVHQFH#RI#LQGXFHG
6<>#QR#HYLGHQFH#RI#PXWDJHQLFLW\#ZDV#QRWHG#ZLWKRXW#6<
LQ#WKLV#DVVD\1##,Q#F\WRJHQHWLF#WHVWV#ZLWK#VRGLXP#[\OHQH0
VXOIRQDWH# LQ# FXOWXUHG# &KLQHVH# KDPVWHU# RYDU\# FHOOV/
VLJQLILFDQW# LQFUHDVHV# LQ# VLVWHU# FKURPDWLG# H[FKDQJHV
ZHUH# REVHUYHG# LQ# WKH# DEVHQFH# RI# 6<# RQO\/# DQG# QR
LQFUHDVHV#LQ#FKURPRVRPDO#DEHUUDWLRQV#ZHUH#REVHUYHG
ZLWK#RU#ZLWKRXW#6<1

&21&/86,216
8QGHU#WKH#FRQGLWLRQV#RI#WKHVH#50\HDU#GHUPDO#VWXGLHV/
WKHUH#ZDV# QR# HYLGHQFH# RI# FDUFLQRJHQLF# DFWLYLW\-# RI
VRGLXP#[\OHQHVXOIRQDWH#LQ#PDOH#RU#IHPDOH#)67721#UDWV
DGPLQLVWHUHG# 93/# 453/#RU# 573#PJ2NJ#RU# LQ#PDOH#RU
IHPDOH# %9&6) # PLFH# DGPLQLVWHUHG# 4;5/# 697/# RU4

:5:#PJ2NJ1

,QFUHDVHG# LQFLGHQFHV# RI# HSLGHUPDO# K\SHUSODVLD# LQ
IHPDOH#UDWV#DQG#PDOH#PLFH#PD\#KDYH#EHHQ#UHODWHG##WR
H[SRVXUH#WR#VRGLXP#[\OHQHVXOIRQDWH1#

BBBBBBBBBB
- ([SODQDWLRQ#RI#/HYHOV#RI#(YLGHQFH#RI#&DUFLQRJHQLF#$FWLYLW\#LV#RQ#SDJH#<1##$#VXPPDU\#RI#WKH#7HFKQLFDO#5HSRUWV#5HYLHZ#6XEFRPPLWWHH

FRPPHQWV#DQG#WKH#SXEOLF#GLVFXVVLRQ#RQ#WKLV#7HFKQLFDO#5HSRUW#DSSHDUV#RQ#SDJH#441
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6XPPDU\#RI#WKH#50<HDU#&DUFLQRJHQHVLV#DQG#*HQHWLF#7R[LFRORJ\#6WXGLHV#RI#6RGLXP#;\OHQHVXOIRQDWH

0DOH )HPDOH 0DOH )HPDOH
)67721#5DWV )67721#5DWV %9&6) #0LFH %9&6) #0LFH4 4

'RVHV 3/#93/#453/#RU 3/#93/#453/#RU 3/#4;5/#697/#RU 3/#4;5/#697/#RU
573#PJ2NJ#LQ#83( 573#PJ2NJ#LQ#83( :5:#PJ2NJ#LQ#83( :5:#PJ2NJ#LQ#83(
HWKDQRO#DSSOLHG HWKDQRO#DSSOLHG HWKDQRO#DSSOLHG HWKDQRO#DSSOLHG
GHUPDOO\ GHUPDOO\ GHUPDOO\ GHUPDOO\

%RG\#ZHLJKWV 'RVHG#JURXSV#VLPLODU 'RVHG#JURXSV#VLPLODU 'RVHG#JURXSV#VLPLODU 'RVHG#JURXSV#VLPLODU
WR#FRQWURO#JURXS WR#FRQWURO#JURXS WR#FRQWURO#JURXS WR#FRQWURO#JURXS

50<HDU#VXUYLYDO
UDWHV

:283/#4:283/#<283/ 55283/#49283/#4:283/ 65283/#6:283/#6<283/ 64283/#6527</#65283/
43283 49283 68283 69283

1RQQHRSODVWLF
HIIHFWV

1RQH 1RQH 1RQH 1RQH

1HRSODVWLF#HIIHFWV 1RQH 1RQH 1RQH 1RQH

8QFHUWDLQ#ILQGLQJV# 1RQH 6NLQ#+VLWH#RI 6NLQ#+VLWH#RI 1RQH
DSSOLFDWLRQ,=# DSSOLFDWLRQ,=#
HSLGHUPDO#K\SHUSODVLD HSLGHUPDO#K\SHUSODVLD
+4283/#3283/#7283/ +4283/#3283/#7283/
8283, 8283,

/HYHO#RI#HYLGHQFH
RI#FDUFLQRJHQLF#
DFWLYLW\

1R#HYLGHQFH 1R#HYLGHQFH 1R#HYLGHQFH 1R#HYLGHQFH

*HQHWLF#WR[LFRORJ\
6DOPRQHOOD#W\SKLPXULXP#JHQH#PXWDWLRQV= 1HJDWLYH#ZLWK#DQG#ZLWKRXW#6<#LQ#VWUDLQV#7$<;/#7$433/#7$4868/#DQG#7$486:
0RXVH#O\PSKRPD#PXWDJHQLFLW\ (TXLYRFDO#ZLWK#6<>#QHJDWLYH#ZLWKRXW#6<
6LVWHU#FKURPDWLG#H[FKDQJHV
&XOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV#LQ#YLWUR= 1HJDWLYH#ZLWK#6<>#SRVLWLYH#ZLWKRXW#6<

&KURPRVRPDO#DEHUUDWLRQV
&XOWXUHG#&KLQHVH#KDPVWHU#RYDU\#FHOOV#LQ#YLWUR= 1HJDWLYH#ZLWK#DQG#ZLWKRXW#6<
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(;3/$1$7,21#2)#/(9(/6#2)#(9,'(1&(#2)#&$5&,12*(1,&#$&7,9,7<

7KH#1DWLRQDO#7R[LFRORJ\#3URJUDP#GHVFULEHV#WKH#UHVXOWV#RI#LQGLYLGXDO#H[SHULPHQWV#RQ#D#FKHPLFDO#DJHQW#DQG#QRWHV#WKH#VWUHQJWK#RI#WKH#HYLGHQFH#IRU
FRQFOXVLRQV#UHJDUGLQJ#HDFK#VWXG\1##1HJDWLYH#UHVXOWV/#LQ#ZKLFK#WKH#VWXG\#DQLPDOV#GR#QRW#KDYH#D#JUHDWHU#LQFLGHQFH#RI#QHRSODVLD#WKDQ#FRQWURO
DQLPDOV/#GR#QRW#QHFHVVDULO\#PHDQ#WKDW#D#FKHPLFDO#LV#QRW#D#FDUFLQRJHQ/#LQDVPXFK#DV#WKH#H[SHULPHQWV#DUH#FRQGXFWHG#XQGHU#D#OLPLWHG#VHW#RI
FRQGLWLRQV1##3RVLWLYH#UHVXOWV#GHPRQVWUDWH#WKDW#D#FKHPLFDO#LV#FDUFLQRJHQLF#IRU#ODERUDWRU\#DQLPDOV#XQGHU#WKH#FRQGLWLRQV#RI#WKH#VWXG\#DQG#LQGLFDWH#WKDW
H[SRVXUH#WR#WKH#FKHPLFDO#KDV#WKH#SRWHQWLDO#IRU#KD]DUG#WR#KXPDQV1##2WKHU#RUJDQL]DWLRQV/#VXFK#DV#WKH#,QWHUQDWLRQDO#$JHQF\#IRU#5HVHDUFK#RQ#&DQFHU/
DVVLJQ#D#VWUHQJWK#RI#HYLGHQFH#IRU#FRQFOXVLRQV#EDVHG#RQ#DQ#H[DPLQDWLRQ#RI#DOO#DYDLODEOH#HYLGHQFH/#LQFOXGLQJ#DQLPDO#VWXGLHV#VXFK#DV#WKRVH#FRQGXFWHG
E\#WKH#173/#HSLGHPLRORJLF#VWXGLHV/#DQG#HVWLPDWHV#RI#H[SRVXUH1##7KXV/#WKH#DFWXDO#GHWHUPLQDWLRQ#RI#ULVN#WR#KXPDQV#IURP#FKHPLFDOV#IRXQG#WR#EH
FDUFLQRJHQLF#LQ#ODERUDWRU\#DQLPDOV#UHTXLUHV#D#ZLGHU#DQDO\VLV#WKDW#H[WHQGV#EH\RQG#WKH#SXUYLHZ#RI#WKHVH#VWXGLHV1

)LYH#FDWHJRULHV#RI#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#DUH#XVHG#LQ#WKH#7HFKQLFDO#5HSRUW#VHULHV#WR#VXPPDUL]H#WKH#VWUHQJWK#RI#WKH#HYLGHQFH#REVHUYHG
LQ#HDFK#H[SHULPHQW=##WZR#FDWHJRULHV#IRU#SRVLWLYH#UHVXOWV#+FOHDU#HYLGHQFH#DQG#VRPH#HYLGHQFH,>#RQH#FDWHJRU\#IRU#XQFHUWDLQ#ILQGLQJV#+HTXLYRFDO
HYLGHQFH,>#RQH#FDWHJRU\#IRU#QR#REVHUYDEOH#HIIHFWV#+QR#HYLGHQFH,>#DQG#RQH#FDWHJRU\#IRU#H[SHULPHQWV#WKDW#FDQQRW#EH#HYDOXDWHG#EHFDXVH#RI#PDMRU
IODZV#+LQDGHTXDWH#VWXG\,1##7KHVH#FDWHJRULHV#RI#LQWHUSUHWDWLYH#FRQFOXVLRQV#ZHUH#ILUVW#DGRSWHG#LQ#-XQH#4<;6#DQG#WKHQ#UHYLVHG#LQ#0DUFK#4<;9#IRU
XVH#LQ#WKH#7HFKQLFDO#5HSRUW#VHULHV#WR#LQFRUSRUDWH#PRUH#VSHFLILFDOO\#WKH#FRQFHSW#RI#DFWXDO#ZHLJKW#RI#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\1##)RU#HDFK
VHSDUDWH#H[SHULPHQW#+PDOH#UDWV/#IHPDOH#UDWV/#PDOH#PLFH/#IHPDOH#PLFH,/#RQH#RI#WKH#IROORZLQJ#ILYH#FDWHJRULHV#LV#VHOHFWHG#WR#GHVFULEH#WKH#ILQGLQJV1#
7KHVH#FDWHJRULHV#UHIHU#WR#WKH#VWUHQJWK#RI#WKH#H[SHULPHQWDO#HYLGHQFH#DQG#QRW#WR#SRWHQF\#RU#PHFKDQLVP1

� &OHDU#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#LV#GHPRQVWUDWHG#E\#VWXGLHV#WKDW#DUH#LQWHUSUHWHG#DV#VKRZLQJ#D#GRVH0UHODWHG#
+L,#LQFUHDVH#RI#PDOLJQDQW#QHRSODVPV/#+LL,#LQFUHDVH#RI#D#FRPELQDWLRQ#RI#PDOLJQDQW#DQG#EHQLJQ#QHRSODVPV/#RU#+LLL,#PDUNHG#LQFUHDVH#RI
EHQLJQ#QHRSODVPV#LI#WKHUH#LV#DQ#LQGLFDWLRQ#IURP#WKLV#RU#RWKHU#VWXGLHV#RI#WKH#DELOLW\#RI#VXFK#WXPRUV#WR#SURJUHVV#WR#PDOLJQDQF\1

� 6RPH#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#LV#GHPRQVWUDWHG#E\#VWXGLHV#WKDW#DUH#LQWHUSUHWHG#DV#VKRZLQJ#D#FKHPLFDO0UHODWHG#LQFUHDVHG
LQFLGHQFH#RI#QHRSODVPV#+PDOLJQDQW/#EHQLJQ/#RU#FRPELQHG,#LQ#ZKLFK#WKH#VWUHQJWK#RI#WKH#UHVSRQVH#LV#OHVV#WKDQ#WKDW#UHTXLUHG#IRU#FOHDU
HYLGHQFH1

� (TXLYRFDO#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#LV#GHPRQVWUDWHG#E\#VWXGLHV#WKDW#DUH#LQWHUSUHWHG#DV#VKRZLQJ#D#PDUJLQDO#LQFUHDVH#RI
QHRSODVPV#WKDW#PD\#EH#FKHPLFDO#UHODWHG1

� 1R#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#LV#GHPRQVWUDWHG#E\#VWXGLHV#WKDW#DUH#LQWHUSUHWHG#DV#VKRZLQJ#QR#FKHPLFDO0UHODWHG#LQFUHDVHV#LQ
PDOLJQDQW#RU#EHQLJQ#QHRSODVPV1

� ,QDGHTXDWH#VWXG\#RI#FDUFLQRJHQLF#DFWLYLW\#LV#GHPRQVWUDWHG#E\#VWXGLHV#WKDW/#EHFDXVH#RI#PDMRU#TXDOLWDWLYH#RU#TXDQWLWDWLYH#OLPLWDWLRQV/
FDQQRW#EH#LQWHUSUHWHG#DV#YDOLG#IRU#VKRZLQJ#HLWKHU#WKH#SUHVHQFH#RU#DEVHQFH#RI#FDUFLQRJHQLF#DFWLYLW\1

:KHQ#D#FRQFOXVLRQ#VWDWHPHQW#IRU#D#SDUWLFXODU#H[SHULPHQW#LV#VHOHFWHG/#FRQVLGHUDWLRQ#PXVW#EH#JLYHQ#WR#NH\#IDFWRUV#WKDW#ZRXOG#H[WHQG#WKH#DFWXDO
ERXQGDU\#RI#DQ#LQGLYLGXDO#FDWHJRU\#RI#HYLGHQFH1##6XFK#FRQVLGHUDWLRQ#VKRXOG#DOORZ#IRU#LQFRUSRUDWLRQ#RI#VFLHQWLILF#H[SHULHQFH#DQG#FXUUHQW
XQGHUVWDQGLQJ#RI#ORQJ0WHUP#FDUFLQRJHQHVLV#VWXGLHV#LQ#ODERUDWRU\#DQLPDOV/#HVSHFLDOO\#IRU#WKRVH#HYDOXDWLRQV#WKDW#PD\#EH#RQ#WKH#ERUGHUOLQH#EHWZHHQ
WZR#DGMDFHQW#OHYHOV1##7KHVH#FRQVLGHUDWLRQV#VKRXOG#LQFOXGH=

� DGHTXDF\#RI#WKH#H[SHULPHQWDO#GHVLJQ#DQG#FRQGXFW>
� RFFXUUHQFH#RI#FRPPRQ#YHUVXV#XQFRPPRQ#QHRSODVLD>
� SURJUHVVLRQ#+RU#ODFN#WKHUHRI,#IURP#EHQLJQ#WR#PDOLJQDQW#QHRSODVLD#DV#ZHOO#DV#IURP#SUHQHRSODVWLF#WR#QHRSODVWLF#OHVLRQV>
� VRPH#EHQLJQ#QHRSODVPV#KDYH#WKH#FDSDFLW\#WR#UHJUHVV#EXW#RWKHUV#+RI#WKH#VDPH#PRUSKRORJLF#W\SH,#SURJUHVV1##$W#SUHVHQW/#LW#LV

LPSRVVLEOH#WR#LGHQWLI\#WKH#GLIIHUHQFH1##7KHUHIRUH/#ZKHUH#SURJUHVVLRQ#LV#NQRZQ#WR#EH#D#SRVVLELOLW\/#WKH#PRVW#SUXGHQW#FRXUVH#LV#WR
DVVXPH#WKDW#EHQLJQ#QHRSODVPV#RI#WKRVH#W\SHV#KDYH#WKH#SRWHQWLDO#WR#EHFRPH#PDOLJQDQW>

� FRPELQLQJ#EHQLJQ#DQG#PDOLJQDQW#WXPRU#LQFLGHQFH#NQRZQ#RU#WKRXJKW#WR#UHSUHVHQW#VWDJHV#RI#SURJUHVVLRQ#LQ#WKH#VDPH#RUJDQ#RU#WLVVXH>
� ODWHQF\#LQ#WXPRU#LQGXFWLRQ>
� PXOWLSOLFLW\#LQ#VLWH0VSHFLILF#QHRSODVLD>
� PHWDVWDVHV>
� VXSSRUWLQJ#LQIRUPDWLRQ#IURP#SUROLIHUDWLYH#OHVLRQV#+K\SHUSODVLD,#LQ#WKH#VDPH#VLWH#RI#QHRSODVLD#RU#LQ#RWKHU#H[SHULPHQWV#+VDPH#OHVLRQ#LQ

DQRWKHU#VH[#RU#VSHFLHV,>
� SUHVHQFH#RU#DEVHQFH#RI#GRVH#UHODWLRQVKLSV>
� VWDWLVWLFDO#VLJQLILFDQFH#RI#WKH#REVHUYHG#WXPRU#LQFUHDVH>
� FRQFXUUHQW#FRQWURO#WXPRU#LQFLGHQFH#DV#ZHOO#DV#WKH#KLVWRULFDO#FRQWURO#UDWH#DQG#YDULDELOLW\#IRU#D#VSHFLILF#QHRSODVP>
� VXUYLYDO0DGMXVWHG#DQDO\VHV#DQG#IDOVH#SRVLWLYH#RU#IDOVH#QHJDWLYH#FRQFHUQV>
� VWUXFWXUH0DFWLYLW\#FRUUHODWLRQV>#DQG
� LQ#VRPH#FDVHV/#JHQHWLF#WR[LFRORJ\1
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1$7,21$/#72;,&2/2*<#352*5$0#%2$5'#2)#6&,(17,),&#&2816(/256
7(&+1,&$/#5(32576#5(9,(:#68%&200,77((

7KH#PHPEHUV#RI#WKH#7HFKQLFDO#5HSRUWV#5HYLHZ#6XEFRPPLWWHH#ZKR#HYDOXDWHG#WKH#GUDIW#173#7HFKQLFDO#5HSRUW#RQ#WHFKQLFDO#JUDGH#VRGLXP
[\OHQHVXOIRQDWH#RQ#8#'HFHPEHU#4<<8#DUH#OLVWHG#EHORZ1##6XEFRPPLWWHH#PHPEHUV#VHUYH#DV#LQGHSHQGHQW#VFLHQWLVWV/#QRW#DV#UHSUHVHQWDWLYHV#RI#DQ\
LQVWLWXWLRQ/#FRPSDQ\/#RU#JRYHUQPHQWDO#DJHQF\1##,Q#WKLV#FDSDFLW\/#VXEFRPPLWWHH#PHPEHUV#KDYH#ILYH#PDMRU#UHVSRQVLELOLWLHV#LQ#UHYLHZLQJ#WKH#173
VWXGLHV=

� WR#DVFHUWDLQ#WKDW#DOO#UHOHYDQW#OLWHUDWXUH#GDWD#KDYH#EHHQ#DGHTXDWHO\#FLWHG#DQG#LQWHUSUHWHG/
� WR#GHWHUPLQH#LI#WKH#GHVLJQ#DQG#FRQGLWLRQV#RI#WKH#173#VWXGLHV#ZHUH#DSSURSULDWH/
� WR#HQVXUH#WKDW#WKH#7HFKQLFDO#5HSRUW#SUHVHQWV#WKH#H[SHULPHQWDO#UHVXOWV#DQG#FRQFOXVLRQV#IXOO\#DQG#FOHDUO\/
� WR#MXGJH#WKH#VLJQLILFDQFH#RI#WKH#H[SHULPHQWDO#UHVXOWV#E\#VFLHQWLILF#FULWHULD/#DQG
� WR#DVVHVV#WKH#HYDOXDWLRQ#RI#WKH#HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#DQG#RWKHU#REVHUYHG#WR[LF#UHVSRQVHV1

$UQROG#/1#%URZQ/#01'1/#&KDLUSHUVRQ ,UPD#5XVVR/#01'1
8QLYHUVLW\#RI#:LVFRQVLQ#0HGLFDO#6FKRRO )R[#&KDVH#&DQFHU#&HQWHU
0DGLVRQ/#:, 3KLODGHOSKLD/#3$

*DU\#31#&DUOVRQ/#3K1'1/#3ULQFLSDO#5HYLHZHU /RXLVH#5\DQ/#3K1'1
6FKRRO#RI#+HDOWK#6FLHQFHV 'LYLVLRQ#RI#%LRVWDWLVWLFV
3XUGXH#8QLYHUVLW\ 'DQD0)DUEHU#&DQFHU#,QVWLWXWH
:HVW#/DID\HWWH/#,1 %RVWRQ/#0$

7KRPDV#/1#*ROGVZRUWK\/#3K1'1/#3ULQFLSDO#5HYLHZHU 5REHUW#(1#7D\ORU/#01'1/#3K1'1
'HSDUWPHQW#RI#([SHULPHQWDO#3DWKRORJ\#DQG#7R[LFRORJ\ 'HSDUWPHQW#RI#3KDUPDFRORJ\#
&KHPLFDO#,QGXVWU\#,QVWLWXWH#RI#7R[LFRORJ\ +RZDUG#8QLYHUVLW\#&ROOHJH#RI#0HGLFLQH
5HVHDUFK#7ULDQJOH#3DUN/#1& :DVKLQJWRQ/#'&

5REHUW#/H%RHXI/#3K1'1 )UHGHULFN#/1#7\VRQ/#3K1'1/#3ULQFLSDO#5HYLHZHU
&RUSRUDWH#3URIHVVLRQDO#DQG#5HJXODWRU\#6HUYLFHV 6W1#0DU\·V#+RVSLWDO#DQG#0HGLFDO#&HQWHU
+XPDQ#6DIHW\#'HSDUWPHQW &DQFHU#5HVHDUFK#,QVWLWXWH
7KH#3URFWHU#)#*DPEOH#&RPSDQ\ *UDQG#-XQFWLRQ/#&2
&LQFLQQDWL/#2+#

-DQDUGDQ#.1#5HGG\/#01'1-
'HSDUWPHQW#RI#3DWKRORJ\ )UHGHULFN/#0'
1RUWKZHVWHUQ#8QLYHUVLW\#0HGLFDO#6FKRRO
&KLFDJR/#,/

BBBBBBBBBB

- 'LG#QRW#DWWHQG

-HUUROG#01#:DUG/#'19101/#3K1'1-
1DWLRQDO#&DQFHU#,QVWLWXWH
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2Q#8#'HFHPEHU#4<<8/#WKH#GUDIW#7HFKQLFDO#5HSRUW#RQ VWDWH# DQ\# SRWHQWLDO# GRVH# RU# DEVRUSWLRQ# HIIHFWV# WKDW
WKH# WR[LFRORJ\#DQG#FDUFLQRJHQHVLV#VWXGLHV#RI#VRGLXP RFFXUUHG#IURP#FKDQJLQJ#YROXPHV#DV#ZHOO#DV#YHKLFOHV
[\OHQHVXOIRQDWH# UHFHLYHG# SXEOLF# UHYLHZ# E\# WKH IURP# WKH# 4:0GD\# VWXGLHV# WR# WKH# 470ZHHN# DQG# 50\HDU
1DWLRQDO#7R[LFRORJ\#3URJUDP·V#%RDUG# RI#6FLHQWLILF VWXGLHV/#DQG#FRPPHQW#RQ#WKH#UHOHYDQFH#RI#WKHVH#VWXGLHV
&RXQVHORUV·#7HFKQLFDO#5HSRUWV#5HYLHZ#6XEFRPPLWWHH1 WR# KXPDQ# H[SRVXUHV1# # 'U1# 5DGRYVN\# VDLG# VRGLXP
7KH#UHYLHZ#PHHWLQJ#ZDV#KHOG#DW#WKH#1DWLRQDO#,QVWLWXWH [\OHQHVXOIRQDWH#ZDV#PRUH# VROXEOH# LQ#ZDWHU# WKDQ# LQ
RI#(QYLURQPHQWDO#+HDOWK#6FLHQFHV/#5HVHDUFK#7ULDQJOH HWKDQRO/# EXW# HWKDQRO# PD\# KDYH# HQKDQFHG# VNLQ
3DUN/#1&1 SHQHWUDWLRQ#PRUH#WKDQ#ZDWHU1##6KH#VDLG#WKDW#UHOHYDQFH

'U1#$1#5DGRYVN\/#1,(+6/#LQWURGXFHG#WKH#WR[LFRORJ\
DQG#FDUFLQRJHQHVLV#VWXGLHV#RI#VRGLXP#[\OHQHVXOIRQDWH 'U1#7\VRQ/#WKH#WKLUG#SULQFLSDO#UHYLHZHU/#DJUHHG#ZLWK
E\#GLVFXVVLQJ#WKH#XVHV#RI#WKH#FKHPLFDO/#GHVFULELQJ#WKH WKH#SURSRVHG#FRQFOXVLRQV1##+H#DOVR#TXHVWLRQHG#WKH#XVH
H[SHULPHQWDO#GHVLJQ/#UHSRUWLQJ#RQ#VXUYLYDO#DQG#ERG\ RI# HWKDQRO# DV# WKH# YHKLFOH# QRWLQJ# WKH# DVVRFLDWLRQ# RI
ZHLJKW#HIIHFWV/#DQG#FRPPHQWLQJ#RQ#SRVVLEOH#FKHPLFDO0 GHUPDOO\# DSSOLHG# HWKDQRO# ZLWK# LQGXFWLRQ# RI# PRQR0
UHODWHG#QRQQHRSODVWLF#OHVLRQV#LQ#IHPDOH#UDWV#DQG#PDOH QXFOHDU#FHOO#OHXNHPLD#LQ#)67721#UDWV1
PLFH1# #'U1#5DGRYVN\# UHSRUWHG# WKDW# WKH#JUHDWHU# WKDQ
QRUPDO# LQFLGHQFH# RI# KHSDWRFHOOXODU# QHRSODVPV# LQ 'U1#:171#$OODEHQ/#1&75/#DVNHG#IRU#FRPPHQW#RQ#WKH
FRQWURO#DQG#WUHDWHG#PDOH#PLFH#FRXOG#EH#DWWULEXWHG#WR SRRU#VXUYLYDO#LQ#PDOH#UDWV1##'U1#-151#%XFKHU/#1,(+6/
LQIHFWLRQ# ZLWK# +HOLFREDFWHU# EDFWHULD1# # ,QFUHDVHG VDLG# WKDW# PDOH# UDW# VXUYLYDO# KDV# GHFOLQHG# SULPDULO\
LQFLGHQFHV#RI#KHSDWRFHOOXODU#QHRSODVPV#LQ#IHPDOH#PLFH EHFDXVH# RI# LQFUHDVHV# LQ# QHSKURSDWK\/# ERG\#ZHLJKW/
FRXOG# QRW# EH# DVVRFLDWHG# ZLWK# +HOLFREDFWHU# ZLWK DQG#LQFLGHQFH#RI#SLWXLWDU\#DGHQRPD1##'U1#*111#5DR/
FHUWDLQW\1# # 7KH# SURSRVHG# FRQFOXVLRQV# ZHUH# QR 1,(+6/# FRPPHQWHG# WKDW# VXUYLYDO# RI# UDWV# LV# ORZHU
HYLGHQFH#RI#FDUFLQRJHQLF#DFWLYLW\#RI#VRGLXP#[\OHQH0 ZKHQ# WKH\# DUH# LQGLYLGXDOO\# KRXVHG# DV# RSSRVHG# WR
VXOIRQDWH#LQ#PDOH#DQG#IHPDOH#)67721#UDWV#DQG#%9&6) JURXS0KRXVHG1##'U1#-1.1#+DVHPDQ/#1,(+6/#VDLG#WKDW4
PLFH1 VXUYLYDO# LQ# WKLV# VWXG\#ZDV# VLPLODU# WR# WKDW# LQ# RWKHU

'U1#&DUOVRQ/# D#SULQFLSDO# UHYLHZHU/# DJUHHG#ZLWK# WKH DVNHG#ZKHWKHU# WKHUH#FRXOG#EH#D#FRUUHODWLRQ#EHWZHHQ
SURSRVHG#FRQFOXVLRQV1##+H#FRPPHQWHG#WKDW#KH#ZRXOG PLFH# ZLWK# +HOLFREDFWHU# DQG# WKRVH# ZLWK# QHRSODVWLF
QRW#KDYH#XVHG#HWKDQRO#DV#YHKLFOH#IRU#DSSOLFDWLRQ#RI#WKH OHVLRQV1##'U1#-151#+DLOH\/#1,(+6/#VDLG#WKDW#DOWKRXJK
FKHPLFDO1 QRW#DOO#RI#WKH#DQLPDOV#KDG#EHHQ#H[DPLQHG/#IRU#WKRVH

'U1# *ROGVZRUWK\/# WKH# VHFRQG# SULQFLSDO# UHYLHZHU/ FRPPHQWHG# WKDW# LQ# WKH# SUHYLRXV# VWXG\# ZLWK
DJUHHG# LQ# SULQFLSOH# ZLWK# WKH# SURSRVHG# FRQFOXVLRQV +HOLFREDFWHU/#DQLPDOV#ZLWK# OLYHU#QHRSODVPV#KDG# WKH
SURYLGHG# WKHUH# ZHUH# IXUWKHU# FODULILFDWLRQ# DQG PRUH#VHYHUH#QRQQHRSODVWLF#OHVLRQV#WKDW#ZHUH#LQGLFDWLYH
GRFXPHQWDWLRQ# RQ# WKH# UROH# RI# +HOLFREDFWHU# LQ# WKH RI# WKH# LQIHFWLRQ1# # 'U1# *ROGVZRUWK\# WKRXJKW# WKH
PRXVH# OLYHU# QHRSODVP# UHVSRQVHV1# #+H# VDLG# WKDW# WKH LQIHFWLRQ# FRXOG# EH# D# FRQIRXQGLQJ# IDFWRU# LQ# WKH
UHSRUW# QHHGHG# WR# EHWWHU# DGGUHVV# WKH# UHVSRQVH# LQ LQWHUSUHWDWLRQ# RI# WKH# OLYHU# QHRSODVPV# LQ#PLFH1# #'U1
IHPDOHV#DQG#WKH#HIIHFWV#REVHUYHG#LQ#PDOHV#DQG#IHPDOHV +DVHPDQ#VDLG#WKDW#ZKLOH#WRWDO#OLYHU#QHRSODVP#UDWHV#LQ
LQ# D# FRPSUHKHQVLYH# PDQQHU# WR# HQVXUH# WKDW# WKH WKLV# VWXG\# ZHUH# DERYH# H[SHFWHG# UDWHV/# WKH\# ZHUH
UHVSRQVHV# DUH# SURSHUO\# LQWHUSUHWHG# DV# QRQWUHDWPHQW JHQHUDOO\#VLPLODU#DFURVV#JURXSV/#\LHOGLQJ#QR#HYLGHQFH
UHODWHG1##'U1#5DGRYVN\#UHVSRQGHG#WKDW#VHYHUDO#RWKHU RI#D#FKHPLFDO0UHODWHG#LQFUHDVH1
VWXGLHV#ZLWK#+HOLFREDFWHU# LQIHFWLRQ#ZHUH# FRPSOHWHG
DQG#ZRXOG#EH#UHYLHZHG#DW# WKH#QH[W#UHYLHZ#PHHWLQJ1
+RSHIXOO\/# ILUPHU#FRQFOXVLRQV#FRXOG# WKHQ#EH#GUDZQ
DERXW#WKH#DVVRFLDWLRQ#RI#OLYHU#QHRSODVP#UHVSRQVH#DQG
LQIHFWLRQ# LQ# %9&6) # PLFH# +$SSHQGL[# /,14
'U1#*ROGVZRUWK\#VDLG#WKH#UHSRUW#VKRXOG#PRUH#FOHDUO\

WR#KXPDQ#H[SRVXUH#ZRXOG#EH#VSHFXODWLYH#RQ#KHU#SDUW1

GHUPDO#VWXGLHV#XVLQJ# LQGLYLGXDO#KRXVLQJ1# #'U1#5\DQ

WKDW#KDG/#WKHUH#ZDV#D#JRRG#FRUUHODWLRQ1##'U1#+DVHPDQ

'U1#)1#0LUHU/#+HDOWK#DQG#6DIHW\#'HSDUWPHQW/#8QLWHG
$XWR# :RUNHUV# 8QLRQ/# KDG# VXEPLWWHG# D# VWDWHPHQW
ZKLFK/#DW#KLV#UHTXHVW/#'U1#/1*1#+DUW/#1,(+6/#UHDG
LQWR# WKH# UHFRUG1# #'U1#0LUHU#RSLQHG# WKDW# WKH# VWXGLHV
ZHUH# LQDGHTXDWH# WR# DGGUHVV# WKH# FDUFLQRJHQLFLW\# RI
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VRGLXP# [\OHQHVXOIRQDWH# LQ# KXPDQV1# #+H# EDVHG# KLV GLVFXVVHG#DQG#ZLWK#WKH#FRQFOXVLRQV#DV#ZULWWHQ#IRU#PDOH
DVVHVVPHQW# RQ=# # +4,# QRW# KLJK# HQRXJK# D# GRVH# WR DQG#IHPDOH#UDWV#DQG#PLFH/#QR#HYLGHQFH#RI#FDUFLQRJHQLF
DSSURDFK#D#PD[LPXP#WROHUDWHG#GRVH#+07',>#+5,#OLNHO\ DFWLYLW\1# # 'U1# 7\VRQ# VHFRQGHG# WKH# PRWLRQ1
SRRU# DEVRUSWLRQ# RI# VXFK# DQ# LRQLF#PDWHULDO# WKURXJK 'U1# *ROGVZRUWK\# RIIHUHG# DQ# DPHQGPHQW# WKDW# D
LQWDFW# VNLQ># DQG# +6,# ZURQJ# URXWH# RI# H[SRVXUH# WR VWDWHPHQW# EH# DGGHG# WR# WKH#$EVWUDFW# WKDW#PLFH#ZHUH
HVWLPDWH#KXPDQ#ULVN/#L1H1/#LQKDODWLRQ#H[SRVXUH#VKRXOG LQIHFWHG#ZLWK#+HOLFREDFWHU1##'U1#&DUOVRQ#DJUHHG#WR#WKH
KDYH#EHHQ#XVHG1 DPHQGPHQW/#DQG#WKH#DPHQGHG#PRWLRQ#ZDV#DFFHSWHG#E\

DVNHG# WKDW# D# VKRUW# SDUDJUDSK# EH# DGGHG# WR# WKH
'U1# &DUOVRQ# PRYHG# WKDW# WKH# 7HFKQLFDO# 5HSRUW# RQ
VRGLXP#[\OHQHVXOIRQDWH#EH#DFFHSWHG#ZLWK#WKH#UHYLVLRQV SRRU#VXUYLYDO1

VL[#\HV#YRWHV#WR#RQH#QR#YRWH#+'U1#5XVVR,1##'U1#$OODEHQ

GLVFXVVLRQ# UHJDUGLQJ# LQGLYLGXDO# DQLPDO# KRXVLQJ# DQG
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